We discuss a left-right symmetric model with two Higgs bi-doublet and spontaneous P and CP violation. The flavor changing neutral currents is suppressed by assuming approximate global U (1) family symmetry. We calculate the constraints from neural K meson mass difference ∆m K and demonstrate that a right-handed gauge boson W 2 contribution in box-diagrams with mass around 600 GeV is allowed due to a negative interference with a light charged Higgs boson around 150 ∼ 300 GeV. The W 2 contribution to ǫ K is suppressed from appropriate choice of additional CP phases appearing in the right-handed Cabbibo-Kobayashi-Maskawa(CKM) matrix. The model is found fully consistent with B 0 mass difference and the mixing-induced CP asymmetry measurements.
Since the discovery of parity violation fifty years ago 1 , the study of symmetry and symmetry breaking has played a central role in particle physics. With the hypothesis that parity is a good symmetry at high energy scale, a minimal left-right symmetric model was proposed based on the gauge group SU (2) L × SU (2) R × U (1) B−L 2 with one Higgs bi-doublet. In such a model, parity violation is implemented through spontaneous symmetry breaking of the right-handed gauge sector. It is natural to require that in the left-right model, CP violation is also a consequence of spontaneous symmetry breaking. However, a spontaneous CPviolating left-right model with only one Higgs bi-doublet is severely constrained 3 by low energy phenomenology as it generates too much flavor changing neutral current(FCNC). For instance, the neutral kaon mass difference ∆m K requires that the right-handed gauge bosons must be very heavy above 2 TeV and the lightest neutral Higgs boson must be above 10 TeV to suppress FCNC; the predicted CKM matrix elements do not coincide with the B factory measurements; and the the condition for the spontaneous CP violation requires an unnatural fine tuning of the Higgs potential.
Motivated by the general two-Higgs-doublet model(2HDM) as a model for spon-taneous CP violation, we extend the one Higgs bi-doublet left-right model to a two Higgs bi-doublet model with spontaneous CP violation 6 . The two Higgs bi-doublet fields are defined as
with most general Yukawa interaction for quarks
whereφ(χ) = τ 2 φ * (χ * )τ 2 . Parity and CP symmetry require that all the Yukawa matrices are real and symmetric. We also adopt the popular choice of introducing two Higgs triplets (
To suppress FCNC, we shall follow the similar treatment in the general 2HDM 4 by considering the mechanism of approximate global U (1) family symmetry 5,4
which is motivated by the approximate unity of the CKM matrix. As an consequence, y,ỹ, h andh are nearly diagonal matrices. We argue that after the spontaneous symmetry breaking, the two Higgs bi-doublet fields can have complex vacuum expectation values(VEVs) which leads to the following mass matrix for up-quarks
where v 1,2 and w 1,2 are VEVs for φ and χ. The down-quark mass matrix is obtained by replacing 1 ↔ 2. It follows that the resultant quark mixing matrices for lefthanded and right-handed quarks are of pseudo-manifest type before rephasing. After rephasing the left-handed CKM matrix V L to the standard form with only one CP phase, there are five CP phases α i , (i = 1, 2, 3) and 2HDM-like charged Higgs to be the lightest one, the corresponding Yukawa interaction is parametrized as follows
The small off-diagonal terms characterized in m Let us discuss the low energy phenomenology. In K 0 mixing, the smallness of ǫ K = 2.28 × 10 −3 requires that the dominant W 1 W 2 box-diagrams with internal (c, c) quark must be nearly real. This can be satisfied by imposing
Since the H + contribution to (c, c) quark loop is always real, and the induced effective operator have different chirality, the H + loop interferes always destructively with the W 1 W 2 loop in the CP conserving case of Eq. (5). This provides a possibility of a cancellation, which may greatly reduce the mass lower bounds for both W 2 and charged Higgs H + . Taking only the dominant H ± H ± loop contribution into account, we find that a complete cancellation requires
A numerical calculation including all the contributions is shown in Fig.1a . Numerically, for m H + ∼ 150GeV and Yukawa coupling ξ ∼ 25, the charged Higgs can compensate a opposite contribution from a light W 2 at M 2 ∼ 600 GeV. The large Higgs contribution relies on the fact that the H + H + loop is proportional to |ξ c | 4 which grows rapidly with |ξ c | increasing. . With the pollution from W 1 W 2 loop, the timedependent decay B → J/ψK S will only measures an effective phase angle sin 2β ef f . Using the measured experimental value of ∆m B and β ef f one can obtain the value of β L as a function of β R only. In fig.1b , we plot the β L as a function of β R with different values of M 2 . One sees that for a light W 2 around 600 GeV, and β R varying from −180
• to 180
• , the modification to β L is less than 2
• . Similarly, the change to the |V L td |, which is calculated from B 0 mass difference is also very small. Thus this model can accommodate both the data of ∆m B and sin 2β J/ψ with a light W 2 , which is not possible to the left-right model with only one Higgs bi-doublet.
To summarize, we have investigated a general left-right symmetric model with two Higgs bi-doublets. This simple extension evades the stringent constraints from K and B meson mixing, and lowers the allowed mass of right-handed gauge boson closing to the current direct experimental search bound. Compared with the general 2HDM, this model has even more sources of CP violation in gauge sector, which may have interesting implications in lower energy phenomenology such as ǫ ′ /ǫ 4 and puzzles in charmless B decays 8 . The predicted new physics particles can be directly searched in upcoming LHC and future ILC experiments.
